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Background: The high dental disease burden in developing countries has created a need to 
explore and develop cheap and accessible methods of dental disease prevention. Traditional 
toothbrushes (chewing-sticks) prepared from specific plants have been used for dental hygiene for 
generations. When properly used, chewing-sticks may be as effective as synthetic toothbrushes. 
This study set out to describe traditional chewing-stick practices in a Ugandan rural community, 
and evaluate the antibacterial activity of two most commonly used plants. Methods: Interviews 
were done to identify chewing-stick plants and obtain socio-cultural information relating to the 
practice in two villages in rural Uganda. Field walks were done to pick and voucher the plants, 
for taxonomical identification and storage. For the two most reported plants, aqueous extracts 
were prepared and tested for antibacterial activity against Streptococcus mutans using the 
agar-well diffusion method. Results: Of the 21 key informants interviewed, all were using 
or had used chewing-sticks in the past. A total of eight plants were identified as sources of 
chewing-sticks, with Rhus vulgaris and Lantana trifolia most commonly mentioned. Chewing-
sticks were preferred over synthetic tooth brushes because they were less likely to traumatize 
the gums. Their use has been limited of recent due to scarcity of some plants. R. vulgaris and 
L. trifolia aqueous extracts showed antibacterial activity against S. mutans with mean diameters 
of inhibition of 24.33 ± 0.58 and 14.17 ± 0.29 mm on Blood agar respectively, compared to 
benzyl penicillin control 30.67 ± 0.29 mm. Conclusion: R. vulgaris and L. trifolia are the most 
common sources of chewing-sticks for cleaning teeth in this community. The plants contain 
compounds that are active against S. mutans. These plants merit further studies as they are 
possible sources of cheap dental health care for the rural poor.
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Akinrimisi, 1977). Recent studies from different parts of the world 
appear to support the view that chewing-sticks may contain sub-
stances that promote dental health or substances that have antibac-
terial activity against plaque-forming bacteria (Sote and Wilson, 
1995; Almas, 1999; Jagtap and Karkera, 1999, 2000; Ndukwe et al., 
2005; Prashant et al., 2007). The use of chewing-sticks for clean-
ing teeth has been reported among several rural Ugandan com-
munities (Eggeling, 1952; Kokwaro, 1976; Katende et al., 1998). 
However, some knowledge gaps do exist. This study, based on a rural 
community in Uganda was aimed at exploring and documenting 
socio-cultural aspects relating to the practice, identification of the 
plants used and evaluating the anti-streptococcal activity of aque-
ous extracts from the two most commonly used plants.
Materials and Methods
inquiry on socio-cultural considerations, plant collection, 
and identification
A community comprising two neighboring villages (Sango and 
Buwanda) in Buwama sub-county, Mpigi district was conveniently 
selected for the study. Village local council (L.C.) chairpersons were 
introduction
Dental diseases pose a high burden to populations in develop-
ing countries mainly due to persistent poverty, ignorance, and 
resource constraints that have hindered effective health educa-
tion and delivery of healthcare (Petersen et al., 2005). The Uganda 
National Oral Health Policy document (2007) recognizes that the 
dental care needs of the majority remain largely unmet because 
there are few professionals offering care. As a result, services are 
often too costly, scarce, or totally absent, especially in the rural areas 
of the country. This situation presents a need to explore, develop, 
and promote the use of locally available and accessible methods of 
dental disease prevention.
The  use  of  plant-derived  toothbrushes  (chewing-sticks)  is 
a common traditional dental care practice in many parts of the 
world. Within a given community, chewing-stick plants are often 
specific, but tend to vary from one culture to the next (Wu et al., 
2001). As far back as the 1970s, it was suggested that the regular use 
of the African chewing-stick, acting as an antiseptic, may control 
the formation and activity of dental plaque and therefore reduce 
the incidence of gingivitis and possibly dental caries (Akpata and 
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concurrently. For each test plate, a loop-full of freshly cultured 
bacteria (24 h old) was transferred and surface-spread using a 
sterile cotton swab. Thereafter, four wells (4 mm deep) were sunk 
(equidistant from each other, about 10 mm from the edge of the 
plate) onto the agar using sterile borers (5 mm external diameter). 
The plates were then turned upside down and the wells labeled. 
The wells were then filled by sequentially transferring each of the 
extracts and controls using separate sterile pipette tips. Plates were 
aerobically incubated at 37°C for 48 h. Growth inhibition zones 
around each well were measured using a pair of Vernier calipers and 
read off against a millimeter rule. Extracts were considered active if 
the inhibition zone diameter was 8 mm or more as recommended 
(Baker and Silverton, 1985).
data analysis and presentation
Results of key informant interviews were analyzed using conven-
tional content analysis as described by Abramson and Abramson 
(1999) and presented in a narrative form. Data from the antibacte-
rial tests was analyzed using Microsoft Office Excel program (2003) 
and results presented as means or frequencies using tables where 
appropriate.
ethical considerations
Oral consent was obtained from all key informants and written 
informed consent was obtained from the dental plaque donor. 
The study was approved by the Research and Ethics Committee 
of Makerere University College of Health Sciences (No. REC REF 
2009-020) and permission to conduct the study granted by The 
Uganda National Council for Science and Technology.
results
plants identified as sources of chewing-sticks
During the interviews, a total of eight plants were identified as 
sources of chewing-sticks. Their identities and important details 
are shown in Table 1. The most frequently reported plants were 
Rhus vulgaris and Lantana trifolia. On this basis, they were selected 
for preparation of aqueous extracts on which antibacterial tests 
were performed.
socio-cultural considerations on preparation, use, and 
storage of chewing-sticks
A total of 21 key informants were interviewed of whom 12 were 
men and 9 women. From the interviews and discussions with key 
informants, it emerged that chewing-sticks were prepared mainly 
from branches of specifically known shrubs and trees listed in 
Table 1. Dracaena fragrans was the only plant from which chewing-
sticks were prepared from its young stems. The art of chewing-stick 
preparation and use was normally passed on from older community 
members to the young mainly by careful observation followed by 
constant practice. A few people were formally taught how to prepare 
chewing-sticks by an older member of the family.
During the interviews, it also emerged that a good chewing-stick 
was made from a branch of appropriate diameter (0.5–1.0 cm) 
and length (15–20 cm). This was cut off the plant and part or the 
entire bark peeled off, whichever one preferred. The denuded end 
was placed in the mouth and carefully chewed until it became soft, 
producing a brush-like fringe. Once the preparation was ready, it 
approached for permission to enter their areas of jurisdiction. They 
were also asked to nominate persons whom they regarded as elders 
within their communities. These “village elders” where taken as key 
informants because (as is in many African societies), such persons 
are normally custodians of traditional knowledge, cultural norms, 
and heritage. In addition, village elders were well suited to com-
ment on any transition in dental health practices because they bare 
witness to the past and present situation. One-on-one interviews, 
employing a set of pre-tested open ended questions were used to 
obtain information on chewing-stick practices as well as identify 
the plants used. Collection and local identification of the plants 
was done during field walks, with the help of key informants and a 
village guide. Taxonomical identification was done with the help of 
a botanist and voucher specimens stored at the Makerere University 
Herbarium. A frequency table was generated for the plants men-
tioned. For the two most reported plants, aqueous extracts were 
prepared and tested against Streptococcus mutans, a key dental 
pathogen (Rolla et al., 1985).
forMulation of aqueous extracts and control solutions
Preparation of extracts was done according to the method of 
Prashant et al. (2007), with a few modifications as follows: fresh 
chewing-sticks were crushed using a metallic mortar and pestle 
and allowed to dry under shade for 2 weeks. Fifty gram powders 
were weighed and soaked in 100 ml of de-ionized distilled water 
(obtained from Human Diagnostics, Uganda). The extraction proc-
ess was allowed to progress for 48 h under refrigeration (2°C). 
Occasional shaking of extraction flasks was done to facilitate the 
process. (In this method, it is assumed that the extraction process 
progresses until there is saturation of the aqueous phase). Finally, 
the filtered extracts were sterilized by passing each through a bac-
terial membrane filter (0.45 μm pores, Ministart®, Satorious, UK) 
under positive pressure. The filtrates were then labeled “50 g extract” 
and stored under refrigeration (2°C) awaiting antibacterial tests. 
Benzyl penicillin (Abbott Laboratories, India) at strength of 10 μg/
ml was chosen as positive control and prepared by diluting 0.5 μl 
of a standard solution (200 mg/ml) with de-ionized distilled water 
to make a 10-ml volume. De-ionized distilled water was used as 
negative control.
isolation of the test bacteria streptococcus Mutans
Streptococcus mutans was isolated from dental plaque donated by 
a consenting adult volunteer at Mulago Hospital dental clinic. The 
plaque was immediately transported to the laboratory in Stuart’s 
transport  medium  (Sterilin®,  COPAN  Innovations,  UK)  and 
inoculated on Mitis Salivarius agar (MS agar, Merck, Germany), 
a selective medium prepared according to Harold and Johannes 
(1975). Plaque suspension from the transport medium was streaked 
onto MS agar plates and aerobically incubated at 37°C for 48 h as 
described by Nomura et al. (2006). Pure plates were further pre-
pared from well isolated colonies by sub-culturing and confirmed 
using appropriate biochemical tests.
antibacterial assay
Antibacterial tests were carried out on 5% sheep blood agar (Merck, 
Germany) using the agar-well diffusion method as described by 
Baker and Silverton (1985). All tests were set in triplicate and run www.frontiersin.org  March 2011  | Volume 2  | Article 13  |  3
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it possible to have better control during the tooth brushing act. 
By cleaning one tooth at a time, gum injury, and consequently 
bleeding, could be avoided; something that most users agreed was 
difficult to achieve with the synthetic toothbrush. For this reason, 
it was common advice for those suffering from bleeding gums to 
switch to the chewing-stick. The small head size of the chewing-
stick was also claimed to provide better cleaning access to posterior 
teeth, when compared with the synthetic toothbrush whose head 
was considered too large for easy access. However, no medicinal 
value was claimed in using any of the chewing-sticks in relation 
to dental diseases. The use of these particular plants as sources of 
chewing-sticks was driven by a feature that was common to all of 
them, i.e., the high fiber content of their stems and branches. Users 
explained that this property was responsible for the fine and soft 
brush-like bristles produced when the tip of stick was chewed. High 
fiber content also conferred resilience and prevented breakage of 
the handle during use.
From the interviews, it also emerged that the synthetic tooth-
brush was easy to use and required less time since it was possible 
to clean multiple teeth at a go. In addition, synthetic toothbrushes 
were also considered more durable when compared to chewing-
sticks (n = 18). These reasons tended to favor use of synthetic 
toothbrushes in an era where chewing-stick plants were becom-
ing increasingly difficult to find.
antibacterial assays
Results of antibacterial tests are shown in Table 2. Both R.   vulgaris 
and  L.  trifolia  aqueous  extracts  demonstrated  significant 
  anti-streptococcal activity in this experiment.
discussion and conclusion
Eight plants were reported as sources of chewing-sticks in this study 
community. Three of these plants namely R. vulgaris, L. trifolia, and 
C. hockii have previously been documented as sources of chewing-
sticks in Ugandan communities (Eggeling, 1952; Kokwaro, 1976; 
Katende et al., 1998). The same plants were also most frequently 
mentioned in our study, consistent with the view that plants used 
as chewing-sticks tend to be specific, with their identities carefully 
passed on from one generation to the next (Wu et al., 2001). Fidelity 
to these plants may be due to possession of the right qualities nec-
essary for effective tooth cleaning. Chewing-sticks were predomi-
nantly prepared from branches of shrubs and trees, a practice we 
was held between the thumb on one side, and the index and middle 
fingers on the opposing side. Others preferred to grip it between 
the thumb and little finger on one side, and the index, middle, 
and ring fingers on the opposing side. The soft brush-like end was 
placed against the tooth surface and put through a combination of 
vertical and horizontal strokes of motion. Teeth were brushed one 
at a time using fine gentle movements in order to avoid gum injury.
Most of those interviewed (n = 15) mentioned that skillful 
manual dexterity and plenty of time was required to correctly 
and effectively use the chewing-stick. Those who used chewing-
sticks did so mostly in the morning after waking up. A few people 
(n = 5) reported using them again in the late afternoons after a 
nap, or at bed time. It also emerged that no special beliefs, rituals, 
or religious considerations were associated with the preparation 
or use of chewing-sticks in this community. It was reported that 
chewing-sticks were normally stored in any convenient place as 
long as it was considered safe from human or animal interference. 
Such places included the top of cupboards or wardrobes (n = 14), 
above door panels, window frames, or ventilation holes (n = 9), or 
stuck between grass thatches on a roof (n = 5).
factors influencing the use of the chewing-stick in 
dental care
All the key informants interviewed were using the chewing-stick, or 
had used it at some point in the past. Several factors influencing the 
use of this dental care tool were mentioned. Most people (n = 16) 
cited ease of access as the reason to use the chewing-stick, because 
it was prepared and used at no cost. The purchase and use of the 
synthetic toothbrush along with toothpaste was considered an extra 
economic burden. However, some people have recently switched to 
using synthetic toothbrushes because the right chewing-stick plants 
were nowadays difficult to find around the vicinity of the home-
stead. Mentioned in this respect were R. vulgaris (n = 8), Mangifera 
indica (n = 5), and Cassia hockii (n = 5). One had to move a con-
siderable distance to find them, which was often discouraging. Put 
in the words of one informant;
“Kakwansokwanso ta kya labika wanno kumpi, aba mwetaaga bamu-
jja mu tale.”
This literally means “Rhus species are no longer seen in the 
nearby areas, those who need it find it in the wild.” Most inter-
viewees (n = 15) claimed the small head of the chewing-stick made 
Table 1 | Plant sources of chewing-sticks in Sango and Buwanda villages as reported by key informants (n = 21).
Botanical name  Accession.  Family  No. of key   Parts used to 
  (voucher), no    informants, no. (%)  prepare chewing-stick
Rhus vulgaris Meikle  37789  Anacardiaceae  16 (76.2)  Branch
Lantana trifolia L.  37792  Verbenaceae  12 (57.1)  Branch
Mangifera indica L.  37794  Anacardiaceae  9 (42.9)  Branch
Enzzoc  –  –  9 (42.9)  Stem/branch
Dracaena fragrans (L.) Ker Gawl  37793  Agavaceae  6 (28.6)  Stem
Cassia hockii De Wild  37791  Fabaceae  7 (33.3)  Branch
Citrus limonia (L.) Osbeck  37788  Rutaceae  5 (23.8)  Branch
Citrus sinensis (L.) Osbeck  37790  Rutaceae  2 (9.5)  Branch
cName given in the local (Luganda) dialect since efforts to obtain plant sample for identification were futile.Frontiers in Pharmacology  | Ethnopharmacology    March 2011  | Volume 2  | Article 13  |  4
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against gram positive bacteria and Mycobacterium fortuitum. 
More  recently  however,  Kisangau  et  al.  (2007),  working  in 
Tanzania supported these findings when they reported antibac-
terial activity from the aqueous extract of the same plant. Prior 
to the two studies above, Rwangabo (1988) had also reported 
antimicrobial activity from a previously unreported flavonoid 
isolated from L. trifolia. This molecule was subsequently named 
umuhengerin. It is possible that the antimicrobial activity in 
L. trifolia seen in our study may be due to the presence of 
this compound.
Other chewing-stick plants mentioned in this study may also 
poses antibacterial effects as previous studies have indicated. In 
West Africa,  antibacterial  activity  has  been  reported  from  the 
aqueous extract of Citrus sinensis chewing-sticks (Ndukwe et al., 
2005). Work done on the aqueous extract of M. indica found anti-
bacterial activity against several oral bacteria namely S. mutans, 
Prevotella intermedia, and Porphyromonas gingivalis (Bairy et al., 
2002; Prashant et al., 2007). The compound mangiferin was found 
to be responsible for this activity. In India, both branches (Prashant 
et al., 2007) and leaves (Bairy et al., 2002) of M. indica (mango) are 
used in oral hygiene and care.
This study shows that R. vulgaris and L. trifolia are the most 
common sources of chewing-sticks in this community. These plants 
contain compounds that are active against S. mutans, and merit 
further investigation as they are possible sources of cheap dental 
health care for the rural poor.
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consider bio-conservation friendly, because it is unlikely to threaten 
survival of the plants used. However, there is information that the 
ethnic Baganda boil and drink extracts from the roots of R. vulgaris 
as remedy for pregnancy-related abdominal pain (Katende et al., 
1998), hypertension, and sugar disease (Mwebaza, 2005). The use 
of plant roots as a medicinal source threatens species’ survival, and 
this may explain the present scarcity of some plants.
The aqueous extracts of both R. vulgaris and L. trifolia were 
found to be active against S. mutans, a key plaque-forming oral 
bacterium. This finding supports the use of these plants in oral 
hygiene since their potential anti-plaque effect is likely to comple-
ment the mechanical plaque-removing property of chewing-sticks. 
Presence of antibacterial activity in R. vulgaris extract is consistent 
with general antibacterial activity reported from other Rhus species 
in the past (Saxena et al., 1994; Abu-Shanab et al., 2005; Gundidza 
et al., 2008). This is however likely to be the first time a report is 
made on its effect on an oral pathogenic bacteria. The antibacte-
rial principles in R. vulgaris probably belong to one or more of 
the following phytochemicals previously identified in R. vulgaris; 
essential oils, flavonoids, terpenes, and terpenoids (Okoli et al., 
2002; Repetto and Liesuy, 2002; Mwebaza, 2005). From our study, 
it is not possible to attribute the antibacterial activity seen here to 
any particular phytochemical group.
From available literature, few studies have examined antimi-
crobial effects of L. trifolia. Cos et al. (2002), studying Rwandan 
medicinal plants, reported that extracts of L. trifolia were active 
Table 2 | Inhibition diameters of the 50-g extracts of Rhus vulgaris and 
Lantana trifolia against Streptococcus mutans on blood agar at 48 h 
incubation.
Extract/control  Measured diameters of inhibition zones (mm)
  1st  2nd  3rd  Mean diameter (±SD)
Rhus vulgaris  24.0  25.0  24.0  24.33 ± 0.58
Lantana trifolia  14.0  14.5  14.0  14.17 ± 0.29
Benzyl penicillin  30.5  30.5  31.0  30.67 ± 0.29
De-ionized water  0.0  0.0  0.0  0.0www.frontiersin.org  March 2011  | Volume 2  | Article 13  |  5
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